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Abstract 
The spinning triangle is a critical area in the spinning process of staple yarns. Its geometry influences the 
distribution of fibre tension in the spinning triangle and the properties of spun yarns. In this paper, the quasistatic 
model for the distributions of fibre tension at the ring spinning triangle in a modified ring spinning system was given 
firstly. Then, the theoretical model of yarn torque duo to fibre tension in a tense yarn without relaxation was given 
correspondingly. However, the explicit solution of the yarn torque is difficult to get. Therefore, the numerical 
calculation will be discussed in our future study.
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1. Introduction  
In the ring spinning process, the twisting area between the front roller nip and the yarn twist point is 
known as the spinning triangle (twisting triangle) [1-3]. Its geometry influences the distribution of fibre 
tension in the spinning triangle and affects the properties of spun yarns [5, 6], such as the yarn breakage 
and structure [4]. Therefore, in the yarn twisting process, the mechanical state of the constituent fibres 
and their state in the yarn influence mechanical properties of the yarn directly, such as yarn torque [7]. 
Note that in previous papers by other researchers, the fibre tension, torsion and bending are the three 
components contributing to the yarn torque [8-15]. And it is believed that the fibre tension contribute 
much greater than the other two in a tense yarn [8-12]. Hence, in this paper, we investigate the yarn 
torque due to the fibre tension in a modified ring spinning system. 
Over the past decades, the subject of spinning triangle has been one of the most important research 
topics and attracted more and more attentions. Especially, theoretical model on both the symmetric 
spinning triangle and asymmetric spinning triangle by introducing a shape parameter for describing the 
skew level of the geometry of spinning triangle was given by previous studies [7-10]. Motivated by all 
these research works, this paper attempts to investigate the yarn torque in a modified ring spinning system, 
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and the effects of geometry of ring spinning triangle on yarn torque are analyzed in theory. The 
theoretical model of yarn torque duo to fibre tension in a tense yarn without relaxation is given. 
2. Theoretical model of the distribution of fiber tension at the spinning triangle 
 
Fig.1 Spinning triangle in a modified ring spinning system                   Fig. 2 Fiber distributed at the spinning triangle 
The spinning triangle model in a modified ring spinning system is shown in Fig.1. Here, the point C is 
an initial convergence point without any force; O is the middle point of the nip line; C′ is the twisting 
point with the constant force. For convenience to analysis mathematically, the direction of Fs is assumed 
to act along with the line OC. m is the half width of the spinning triangle. d is the horizontal deviation of 
the twisting point C' to the symmetric axis of nip line of the spinning triangle. In this paper, it is used to 
describe the geometric skewness of the spinning triangle. In general, the value of d ranges from - m to m. 
A lower d value indicates a more symmetric shape of the spinning triangle. When d= 0, the shape of the 
spinning triangle is perfectly symmetric. When d=-m, the shape of the spinning triangle is left-angled 
triangle, whereas right-angled for d= m. α is the inclination angle of the spinning tension between the line 
OC and symmetric axis of nip line. H is the height of the spinning triangle. 
For convenience to analysis, we make the following assumptions: the cross-section of all fibres is 
circle with identical diameters; all fibres are gripped between the front roller nip and the convergence 
point C′, fibre slippage and migration and the frictional contacts between fibres and the front roller don’t 
taken into consideration; the velocity of fibres in the spinning triangle is constant; the fibres stress-strain 
behaviour follows Hook’s law for small strain. With these assumptions, an energy method is developed to 
analyze the distribution of fibre tension in the spinning triangle under the yarn tension. The response of 
the spinning triangle system is determined by the principle of minimum potential energy. 
It is assumed that n pieces of fibres gripped in the front roller nip distribute evenly. Therefore, the 
distance from point thi  or thi  fibre to O is
n
mi . Regarding the triangle ODC' and OEC' shown in Fig.1, 
the following equations of fibre strain can be obtained: 
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Where  iiiM  tantan1cos
1
 ,  iiiM    tantan1cos
1
. i  and 'i   are the 
angles between the thi  or thi  fibre and the centre fibre respectively, and  
H
dmi
i arctan , 
 
H
dmi
i arctan' . 
Based on the findings from the previous studies [7], a general formula of the distribution of the fiber 
tension in the spinning triangle can be expressed as: 
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Here, 2rA    is the cross-section of fibre, r is the diameter of fibre, E is the fibre tensile 
Young’s modulus. 
3. Yarn Torque due to Fibre Tension 
As shown in Fig.2, it is obvious that the distribution of fibres without buckling is symmetric in the 
spinning triangle about the central fibre. In addition, the fibre is assumed to be round. Based on the 
findings from previous studies, it was further assumed that the number of fibres arranged in each layer is 
given by the following equation: 1jN  (when 1j  ), )1(6  jN j  (when 2j  ); jN   is the 
number of fibres in each layer and j is the layer number of fibres packed in the yarn. The two cases are 
analyzed as follows. 
In the first case,  
2
2 6 1
j
n j


  , all the 12 n fibres are arranged in an open packing fashion, 
 is the number of total layer. Thus the n2 fibres are arranged from the second layer to the  th layer 
exactly. Then, the average fibre tension jT  of each layer can be given as follows: 
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Here,  1
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The contribution from tension of all fibres in each layer to the yarn torque is given by: 
 
 









  tan12
12arctansin)1(12 2 jrTjL jj                                                                 （4） 
Here, r is the fibre radius and  is the yarn surface helix angle. 
Hence, the total yarn torque due the fibres tension for the first case is given by: 
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For the second case, since the number of fibres in the outmost layer  does not fill in the layer 
completely, that is  1
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Hence, the total yarn torque due the fibre tension for the second case is given by: 
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From the four equations (1)-(7), L can be solved. However, the e explicit solution of the yarn torque 
is difficult to get, thus the numerical calculation is advisable. The numerical calculation will be discussed 
in our future study for specific ring spinning process. 
4. Conclusions 
In this paper, the quasistatic model for the ring spinning triangle in a modified ring spinning system 
has been given. Based on the force balance of the twisting point and the theoretical model of the 
distribution of fibre tension in the symmetrical spinning triangle, the theoretical model of yarn torque in a 
tense yarn without relaxation has been given. However, it is shown that the explicit solution of the yarn 
torque is difficult to get. Therefore, the numerical calculation will be discussed in our future study for 
specific ring spinning process.  
Acknowledgments 
This paper is sponsored by the National Natural Science Foundation of P. R. China under Grant 
11102072 and Science and Technology Agency of Xinjiang Uygur Autonomous Region (Technology 
Support Project in Xinjiang in 2011, 201191112). 
Reference 
[1]Zhang Wengeng, Chen Mingyou, Ding Shouji, Peng Weilian, The basic theory of the twisting process, Textile Engineering 
Publishers, Beijing, 1983. 
[2]Wang Xungai, Recent research on yarn hairiness testing and reduction: Part-Reduction of Yarn Hairiness, Research Journal of 
Textile and Apparel, 3(1): 1-8, 1998. 
71Xuzhong Su et al. / Procedia Engineering 18 (2011) 66 – 716 Author name / Procedia Engineering 00 (2011) 000–000 
[3]G. Thilagavathi, D. Udayakumar, L. Sasikala, Yarn hairiness controlled by various left diagonal yarn path offsets by modified 
bottom roller flute blocks in ring spinning, Indian Journal of Fiber and Textile Research, 34: 328-332, 2009. 
[4]W. Klein, Spinning Geometry and its Significance, International Textile Bulletin: Yarn Fabric Forming 139: 22-26, 1993. 
[5]H. W. Krause, H. A. Soliman, and J. L. Tian, Investigation of the Strength of the Spinning Triangle in Ring Spinning, 
Melliand Textillberichte, 72: 499-502, 1991. 
[6]N. S.Shaikhzadeh, An Analysis of the Twist Triangle in Ring Spinning, PhD Thesis, University of New South Wales, 
Australia, 1996. 
[7]Feng Jie, Xu Bingang, Tao Xiaoming, et al., Theoretical Study of Spinning Triangle with Its Application in a Modified Ring 
Spinning System, Textile Research Journal, 80(14): 1456-1464, 2010. 
[8]Hua Tao, Tao Xiaoming, Cheng Kwok Po Stephen and Xu Bingang, Effects of Geometry of Ring Spinning Triangle on Yarn 
Torque Part I: Analysis of Fiber Tension Distribution, Textile Research Journal, 77(11): 853-863, 2007. 
[9]Hua Tao, Tao Xiaoming, Cheng Kwok Po Stephen and Xu Bingang, Effects of Geometry of Ring Spinning Triangle on Yarn 
Torque: Part II: Distribution of Fiber Tension within a Yarn and Its Effects on Yarn Residual Torque, Textile Research Journal, 
80(2): 116-123, 2010. 
[10]Xu Bingang, Tao Xiaoming, Techniques for Torque Modification of Singles Ring Spun Yarns, Textile Research Journal, 
78(10), 869-879, 2008. 
[11]Postle, R., Burton, P., and Chaikin, M., The Torque in Twisted Single Yarns, Textile Research Journal, 55(11), 448-461, 
1964.  
[12]Bennett, J. M., and Postle, R., A Study of Yarn Torque and Its Dependence on The Distribution of Fiber Tension in The Yarn, 
Part II: Theoretical Analysis, Part I: Experimental, Journal of Textile Institute, 70(4), 121-141, 1979. 
[13]Postle, R., Burton, P., and Chaikin, M., The Torque in Twisted Single Yarns, Textile Research Journal, 55(11), 448-461, 
1964. 
[14]Tao X. M., Mechanical Properties of Migrating Fiber, Textile Research Journal, 66(12), 754-762, 1996. 
[15]Yang K., Tao X. M., Xu B. G., and Lam J., Structure and Properties of Low Twist Short-stable Singles Ring Spun Yarns, 
Textile Research Journal, 77(9), 675-685, 2007. 
